Abstract. In this paper, based on complex network theory, a topology model was proposed which is more accord with the nature of wireless sensor network. Actually, each node's actual location is crucial, in addition, the node energy consumption and communication distances between nodes are inseparable, so we tried to join location-aware mechanism into this wireless sensor network topology model with energy-aware mechanism. Besides, through theoretical analysis and simulation, we showed the influence on the network performance when the network have different node energy distribution and different node location distribution. Node energy distribution and node location distribution have a weak effect on the degree distribution ( ) P K , but which have much effect on the internal topological characterizations of the network. The node who has more energy will have more degrees to balance energy consumption, besides, when the node energy is more heterogeneous and node location is more centralized, the model showed that the network has higher clustering degree, and the network enjoys better performance in energy efficiency for transmitting data.
I. Introduction
In recent years, the complex network theory is applied to many fields of science, such as, the Internet, neural networks, social networks, electricity networks, network traffic, and so on. in 1999, Barabasi and Albert [1] proposed a scale-free network model. But in reality, the formation of network needs to go through much more complex steps. And if we want to simulate network, a variety of mechanisms is needed. Therefore, to ensure the ability to simulate a network with better effect, we need to consider much more practical factors, as well as detailed steps and methods.
Wireless sensor network (WSN) is composed of a large number of sensor nodes with working together. Wireless sensor networks have been applied to the fields of biological medicine, environmental monitoring, hazardous area remote control, and so on. Simulating the formation of wireless sensor networks is to provide a more reliable basis for the distribution of the location of nodes and setting energy of the nodes.
At present, many researchers have proposed many topology models for wireless sensor network based on the theory of the complex network model. Andras Farago [2] are reviewed many topology models, including all kinds of scale-free network model, and a lot of wireless sensor network model. Mahesar A W, Malik M etc. in [3] proposed application of calculus in the wireless sensor network model. Chen et al. [4] proposed an evolution local area world model for wireless sensor network based on classical BA scale-free model, which is robustness for random failure of the node. And this model provides a reference for constructing a robustness sensor network topology. Zhu [5] put forward two kinds of scale-free network model: energy perception (EAEM) evolution model and evolution model (EBEM), which are basic wireless sensor network evolution model. Zheng wang [6] propose two kinds of wireless sensor network topology structure: the linear growth model and accelerated evolution model, which are robustness in the situation random failure and deliberate attacks.
Presently, the research about the problem of the distance between node and node distributed model in complex network is few. Most of energy consumption is the process of node communication with others. And node energy consumption is increasing with the increase of the distance between nodes. And the spreading model of node will affect the distance between nodes in a certain extent. Our contributions are as follows: Firstly, in order to explore the effect on the properties of wireless sensor networks, which is caused by spreading model, we improve BA model [1] with adding location-aware mechanism. Secondly Combination of two important mechanisms of energy preferential attachment for link and node addition and energy antipreferential attachment for link and deletion contributes to investigating the complexity of WSNs. (3) the network degree distribution ( ) P K can grow in the non scale state by the mean field theory analysis. The simulation of several critical topology characteristics are used to demonstrate the effectiveness of the proposed model in this paper.
The rest organization of this paper is as follows: in the second part, we propose a new wireless sensor network model. In the third section we analysis this kind of model with the mean field theory. Simulations experiments and discussion are given in section IV. Section V presents conclusion and the research point in the future.
II. The Proposed Model for WSNS
In this section, we propose a model for wireless sensor network based on scale-free networks. In the initial stage of this model, there are 0 m nodes and 0 e edges. The growth of the network is as follows: (1 (2)Preferential Attachment The relationship between probability i ∏ , which denote the probability that a new node is connected to an existing node i and degree i k of node should satisfy formulation (2.1)
* *( )
where i E is the residual energy of node i ; i k is the current node degrees and ij d is the distance between the node i with the new node j .
Actually, each node's energy is limited in wireless sensor network. And the nodes with more energy means that the node has a stronger ability to connect to the new node. The node degree represent the number of edges of nodes and the ability of node to connect to others. Currently, few papers consider the actual distance between nodes in their models. The most of energy consumption is the process of node communication with others. And the actual communication distance is lager, the node consumes more energy. So add the actual distance parameters, that to make the whole network model is more practical.
(3)Links Deletion
Each step to probability p（ 0 1 p ≤ ≤ ）, m * p article existing edge will be deleted. p denotes the deletion rate. Firstly, we will choose a node i as deleted the edge of the end, and choose a node j , which is one of neighbor nodes of node i as delete another endpoint, the selected probability of node i is as follows:
The selected probability of node j is
∏ , then the edge between node i and the node j is deleted. Repeat this step * m p times. In the choice of deleting edge, low energy and high degree between nodes of the edges are more likely to be deleted. Actually, to prolong the life time of the entire network and achieve the whole network energy consumption balance, The node should delete some edges which connect with others, when the energy of the node is low. In the actual network, node energy consumption and the actual distance between nodes, these have exponential relation. In order to optimize the whole network, it should reduce energy consumption and to delete edge processing, the actual communication between nodes can be finished through multiple hops, rather than just to communicate over long distances by one hop.
III. Network Analysis
To present the entire network performance, in this section, it analysis how the energy distribution E ρ and the node distribution model can affect the node degree distribution ( ) P K , as well as the simulation the statistic parameters: the degree distribution ( ) P K , average clustering coefficient C , average path length L .
Degree Distribution
Degree distribution ( ) P K , which denote the probability that a randomly selected node has k connection, is usually very important statistical character of large-scale complex network. In this paper, we use the mean field theory to analyze how ( ) P K change, under the condition of different energy distribution models and different node distribution models.
The initial network have 0 m nodes, and has 0 e edge. And node i has degrees ( ) i k t at time t . When the t for sufficiently large, it can ignore initial 0 e edge in the network. When a new node is added to the system, let the node degrees ( ) i k t change over time:
In (3.1), when a new node add to the system, the degree of the node i has changed .From the mean-field theory, we can get that:
,where E denotes the expected value of the node energy in the whole network; ( ) N t denotes the number of node at time t ; ( ) k t 〈 〉 denotes the expected value of the node degree in the whole network; ij d denotes the expected value of the distance between the new node and the node i .When the node j add in the system. For large t ( )
Then we can get:
It is obvious that, at every time step t , when p =1, the network cannot grow. Then we consider two cases in the above proposed evolving network model: p =0, and 0 1 p < < . In the first case ( p =0):
In this case, the number of link and node is increasing without that of is decline in the evolving process. For large t :
With the initial condition ( )
= , then we can get:
Assume t → ∞ , the degree distribution ( ) P K is as follow:
Assuming that we add the node to the network at equal time intervals in evolving process for WSNs, the probability density at the time i t is
Then, we get:
(1)When the node distribution model is stationary, the probability density distribution function of node energy is:
Where ( ) E ρ denotes the probability density distribution of node energy in the whole network, max E denotes the maximum value of the node energy; min E denotes the minimum value of the node energy. Therefore, under the same node distribution model,
.It is obvious that ( ) P K follows the same power law as the BA scale-free model. (2)When the probability density distribution of node energy in the whole network which is stationary, the probability density distribution function of distance between nodes is:
denotes the probability density distribution of the distance between nodes in the whole network. max D denotes the maximum value of the distance between nodes. min D denotes the minimum value of the distance between nodes; In the second case ( 0 1 p < < ): In this case, links and nodes in the evolving network model are not monotonously growing. Instead, links and nodes can be added in some occasion and removed in other case. We rewrite as follow:
With the initial condition ( ) (1)When the node distribution model is stationary, the probability density distribution function of node energy is:
The definition of ( )
, max E and min E is same as（3.11）. (2)When the probability density distribution of node energy in the whole network which is stationary, the probability density distribution function of distance between nodes is:
D is same as (3.13).
IV. The Simulation and Analysis

The Parameter setting and the Analysis of the degree distribution ( )
P K
In this paper, we want to compare with these two conditions as: different node energy models and different node distribution models, under these two conditions, how the network's important parameter change. Simulation tool is MATLAB 2011b. The parameter setting is as follows: 1. N =1000, N denotes the number of node in the whole network. 2. 0 m =4, 0 m denotes the number of node in the initial whole network. 3. m =4, m denotes that when adding a new node to the network , the network will add m links. 4. p =0.5, p denotes the deletion probability. (1, 1000) ) with σ =1.
Clustering Coefficient
We investigate the effect of node energy distribution on network's cluster coefficient, which quantifies the extent to which nodes adjacent to a given node are linked. It is defined as follows:
( )
N denotes the number nodes in the whole network; i E denote the number of edges among the neighbor nodes of a selected node i with degree i k in the network. 
Average Shortest Path Length
In WSN, the senor nodes transmit data by multihopes method. The average path length L is defined to be the average length of the shortest paths between any two nodes in the network. L characterize the ability of two nodes to communicate with each other, the smaller L mean fewer hops and less energy consumption for data processing. Its formulation can be defined as:
N denotes the number of node in the whole network; ij d denotes the length of the shortest path between node i and node j .
Comparing with Figure9, Figure10, Figure 11 and Figure 12. we can see that the value of L is small when ( ) E ρ is exponential distribution. But when node energy is same, L keeps very high value. And we find that L increases with the network size increasing. L keeps a value of 2.7, when the number of node in the whole network are 400 with ( ) E ρ is exponential distribution. And the number of node in the whole network increase, L keeps the value of 2.7. The result illustrate that nodes in energy is more inhomogeneous, the sensor communicate with others more efficiently. Figure 15 . We can see that with the three kinds of energy distribution models, we can find that when the setting model is exponential distribution setting model, L keeps a high value. And when the setting model is normal distribution setting model, L keeps a small value.
V. Conclusion
In this paper, we propose a novel topology model for wireless sensor networks. This model combined location-aware mechanism with energy-aware mechanism. By using mean-field approach, the degree distribution ( ) P K is power law. We also use MATLAB software to get the results derived in this paper. Node energy distribution and node location distribution have a weak effect on the degree distribution ( ) P K but these have much effect on the network internal topological characterizations. The node which has more energy will have more degrees for balancing energy consumption, and the model exhibits that the network is high clustering for the sensor network system in which node energy is more heterogeneous and node location is more centralized. Then, we find that, when node energy distribution is more heterogeneous and node location is more centralized, the network enjoys better performance in energy efficiency for transmitting data.
This model provides some useful for constructing WSNS. When we want to get a best performance of a WSN, we can choose normal distribution setting model and set about 800 nodes with heterogeneous energy in the field which should be monitored.
